Background: Hypothermia occurs in up to 20% of perioperative patients. Systematic postoperative temperature monitoring is not a standard of care in Brazil and there are few publications about temperature recovery in the postoperative care unit. Design and setting: Multicenter, observational, cross-sectional study, at Hospital de Base do Distrito Federal and Hospital Materno Infantil de Brasília. Methods: At admission and discharge from postoperative care unit, patients undergoing elective or urgent surgical procedures were evaluated according to tympanic temperature, vital signs, perioperative adverse events, and length of stay in postoperative care unit and length of hospital stay. Results: 78 patients, from 18 to 85 years old, were assessed. The incidence of temperatures <36 • C at postoperative care unit admission was 69.2%. Spinal anesthesia (p < 0.0001), cesarean section (p = 0.03), and patients who received morphine (p = 0.005) and sufentanil (p = 0.003) had significantly lower temperatures through time. During postoperative care unit stay, the elderly presented a greater tendency to hypothermia and lower recovery ability from this condition when compared to young patients (p < 0.001). Combined anesthesia was also associated to higher rates of hypothermia, followed by regional and general anesthesia alone (p < 0.001).
Introduction
The human thermoregulating system allows for variations around 37 • C to maintain metabolic functions. 1 Autonomic thermoregulatory responses are triggered so as to maintain the body temperature at an approximate constant value. Anesthetic induction decreases metabolic heat production and mitigates the physiological thermoregulatory responses. 2, 3 Most anesthetics change core temperature control, inhibiting thermoregulatory responses against the cold, such as vasoconstriction and muscle tremors. Besides, most of these drugs have a vasodilating effect, considered to be the responsible mechanism for the redistribution phenomenon. 4, 5 This later event and the patient's exposure to low temperatures in the operating room are the main factors inducing and maintaining perioperative hypothermia. 5---7 Up to 20% of patients develop hypothermia in the perioperative period. 8 This incidence increases significantly in the postoperative period, ranging from 60% to 90%. 9 Since even mild hypothermia can result in unfavorable outcomes, it's imperative for the anesthesiologist to actively intervene in the perioperative hypothermia mechanism, to prevent its deleterious effects. 10---12 Despite all these evidences, temperature monitoring is not routinely and systematically performed in many centers, including our hospital. Therefore, the aim of this pilot study was to determine whether the incidence of postoperative hypothermia (detected in the Post-Anesthetic Care Unit ---PACU) is significant and if there are risk factors associated. Accordingly, this pilot study intends to detect the feasibility of a larger study, to test and refine a protocol of normothermia (targeted temperature management), to establish accurate recruitment targets and trial costs, and to confirm the sample size calculation.
Methods

Study design
We performed a multicenter, prospective pilot study of postoperative patients undergoing elective and emergency surgeries at Hospital de Base do Distrito Federal and Hospital Materno Infantil de Brasília.
Registration
The study was approved by the local Research Ethics Committee ( 
Study population
All patients meeting inclusion criteria, between February and July of 2016, at both hospitals were assessed for eligibility. The inclusion criteria comprised patients who agreed to participate and signed the written informed consent; American Society of Anesthesiologists (ASA) physical status PI---PIII; ages between 18 and 85 years old; and patients admitted to the PACU, whether extubated or who were not intubated. Those who remained intubated in the postoperative period (due to risk of sepsis and temperature deregulation) or who were admitted to the intensive care unit were not included. Ten patients were excluded because of missing data, as lack of temperature report.
Study protocol
Tympanic temperature was measured at the arrival and discharge from operating room. It was also measured at PACU, from admission through stay and discharge. Length of PACU stay, length of hospital stay, and occurrence of adverse events were evaluated as well.
The diagnosis of hypothermia was considered when patients presented central temperature <36 • C at PACU admission, determined by tympanic temperature. For data analysis, patients were divided in groups according to temperature and age. Hypothermic patients were referred to as Group H; normothermic patients as Group N; elderly patients as Group E; and young patients as Group Y. Demographic and clinical data, anesthesia technique, opioid use, type of surgery, warming in the operating room and PACU, prevalence of chills, complications, length of PACU stay and length of hospital stay were analyzed.
Data analysis
Sample size was based on previous study with 70 patients that evaluated the prevalence of hypothermia. Additional 20% subjects were required to allow adjustment of other factors, such as withdraws, missing data, and lost followup. 13 Shapiro---Wilk test was applied to determine normal distribution of the continuous variables. Mann---Whitney test was applied to discrete variables not normally distributed. Chisquared ( 2 ) or Fisher's exact tests were used for categorical variables. Student's t test was applied to continuous variables with normal distribution. Wilcoxon test was applied to the discrete and paired variables. Data are expressed as means and standard deviations for continuous variables, medians and interquartile ranges for asymmetric variables, and in numbers and/or percentages for categorical variables.
Longitudinal analysis of repeated temperature measures was performed using Type II Wald Chi-Squared test from the deviance analysis for linear mixed effects models (lmer models from lme4 package and analysis of variance (ANOVA) from car package).
Univariate analysis was used to identify risk factors associated with postoperative hypothermia. Explanatory factors with significant univariate association with hypothermia (p < 0.20) were used to construct a forced entry multivariate logistic regression model, expressed in adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI). The dummy variable method was applied for the polytomous categorical variables regression. Interactions between variables were systematically investigated and collinearity was considered when the Variance Inflation Factor (VIF) was higher than 10 and the level of tolerance (1/VIF) lower than 0.1. The likelihood ratio test was used to evaluate the final model discrimination for the prevalence of postoperative hypothermia, and the Hosmer---Lemeshow statistical method to test the model calibration. The area under the ROC curve was calculated as a descriptive tool to measure the model bias. p-Values under 0.05 were considered statistically significant. Data was analyzed using CRAN's R statistical package version 3.4.1.
Results
Seventy-eight patients were included in the study. Sixtytwo were female and 16 male (more female patients were included due to obstetric service). Ages ranged from 18 to 82 years old, with mean value of 39 years old. Mean weight was 72 kg, ranging from 48 kg to 111 kg. The minimum and maximum heights were 148 cm and 174 cm, with mean value of 162 cm. From the total number of procedures performed, 19 (24.4%) were under general anesthesia, 55 (70.5%) under regional anesthesia, and the remaining 4 (5.1%) underwent combined general and regional anesthesia. Mean duration of anesthesia was 112 min, with a minimum of 30 min and maximum of 420 min.
Fifty-four (69.2%) patients presented hypothermia at PACU admission. Fifty-one patients (65.4%) were between 34 • C and 35.9 • C, and three patients (3.8%) were under 34 • C ( Table 1) .
Patients in the Hypothermia Group (H) predominantly underwent regional anesthesia (p < 0.001) and received the association of morphine and sufentanil (24% vs. 0%, respectively, for hypothermia and normothermia groups), while the normothermia group (N) received predominantly fentanyl (33.3% and 11.1%, respectively) (p = 0.003). There was no difference in the distribution of surgical specialties ( Table 1) .
Half of the elderly and 23% of the young patients were male (p = 0.045), and the mean ages were 70 and 33 years old, respectively (p < 0.001). There was a predominance of ASA physical status Grades II and III in the elderly patients group (50% and 42.9%, respectively), compared to young patients group (68.89% and 9.4%, respectively) (p = 0.006). In the elderly group, there was a predominance of urologic surgeries (57.15%), most cases being transurethral resection of the prostate, and in the young patients group there was a predominance of Cesarean sections (57.8%) (p = 0.004). Most young patients underwent regional or general anesthesia (73.4% and 25%, respectively), while 57.1% of elderly patients were submitted to regional anesthesia, 21.4% to general anesthesia and 21.4% to combined general and regional anesthesia (p = 0.009) ( Table 2) .
Median tympanic temperature in the operating room decreased from admission (36.3 • C) through discharge (35.6 • C) (average difference: 0.9; 95% CI 0.514---0.799; p < 0.001). At PACU, there was an increase in median tympanic temperature at discharge (T = 36 • C) in relation to the admission temperature (T = 35.6 • C) (average difference: 0.4; 95% CI 0.657 to −0.206; p = 0.001) ( Table 3 ).
Comparing age groups during PACU stay, there was a significant difference between the overall temperatures (p < 0.05) and in temperature evolution through all time intervals after 30 min, in which the elderly group showed a higher tendency to hypothermia and worse recovery over time ( Table 4) .
As for anesthetic technique and evolution of temperature through PACU stay, patients under combined anesthesia presented the highest levels of hypothermia, followed by regional anesthesia, and general anesthesia technique showed the best indicators (p < 0.001). This could be clearly observed in the intervals of 60 and 75 min (Fig. 1) .
Longitudinal analysis of repeated temperature measures evidenced that spinal anesthesia correlated to both a lower initial temperature at PACU (p = 0.00002) and a faster recovery rate (p = 0.01). In patients undergoing cesarean section, spinal anesthesia mildly associated to temperature recovery rate at PACU (p = 0.02427), whereas in non-obstetric patients, spinal anesthesia was associated only to a lower temperature at PACU admission (p = 0.0002587). The use of warm forced-air convection correlated to a faster temperature raising at PACU (p = 0.0000003). Operating room temperature correlated to PACU admission temperature (p = 0.0305). Age strongly correlated to rate of temperature recovery (p = 0.000000076). Gender correlated to rate of temperature recovery, being faster on women (p = 0.0039).
Opioid choice was associated with both temperature at PACU admission (p = 0.008) and temperature recovery rate at PACU (p = 0.0000073) ( Table 5) . After univariate analysis, the following candidate variables were selected for multivariate analysis: diabetes mellitus, anesthesia technique, use of opioids, air-forced warming in OR, length of PACU stay and complications.
The variables' collinearity test showed a Variance Inflation Factor (VIF) between 1.055 and 1.125, and a tolerance level between 0.889 and 0.941, demonstrating non-colinearity among variables. The likelihood ratio test revealed that the model including hypothermia was significant (X 2 [11] = 21.54; p = 0.028). The Hosmer---Lemeshow analysis indicated the model's positive predictive validity (p = 0.988). The explanatory model based on these variables resulted in an area under the ROC curve of 0.349 (95% CI 0.210---0.488). However, the multivariate analysis was not able to identify independent risk factors for postoperative hypothermia. Protective factors such as general anesthesia and fentanyl use were observed (Table 6 ).
Discussion
This pilot study demonstrated that hypothermia is still a frequent problem in our service. This study showed that 69.2% of patients had temperatures <36 • C at PACU admission. Both old and recent observational studies also point to a high prevalence of hypothermia in the perioperative period. Poveda et al., in a study with 70 patients, observed a significant drop in patients' temperature in the first hour of surgery, reaching a mean of 33.6 • C by the end of the fourth hour. 14 Vaughan and colleagues, in a study with 198 patients, observed a 60% prevalence of hypothermia in the Postoperative Care Unit (PACU). 13 More recently, Gurunathan et al. observed that, from the 87 elderly patients who underwent hip surgery, one third was hypothermic at PACU arrival, despite active warming methods. 15 Our finding of predominance of hypothermia in patients undergoing regional anesthesia contrasts with the literature, since disturbances in the thermal equilibrium caused by neuraxial anesthesia are considered to be similar to general anesthesia, and less than combined anesthesia. 16 Probably, this may be due to our considerable number of individuals who underwent regional anesthesia receiving subarachnoid administration of opioids (morphine or morphine associated with sufentanil). Also, the high number of patients scheduled to urological surgeries may have contributed to increased hypothermia incidence, since bladder irrigation may certainly increase thermal disregulation. A study with 40 patients scheduled to transurethral resection of the prostate compared irrigation solutions at 21 • C and 37 • C. There was a significant decrease in temperature of patients receiving fluids at room temperature. 17 Our findings agree with this result.
The proposed mechanism for hypothermia caused or exacerbated by intrathecal opioids administration is not yet fully understood. A study suggests that this phenomenon occurs due to the dispersion of the circulating soluble opioids into the hypothalamus, exerting pharmacological effects in mu receptors of the thermoregulatory center, or through peripheral spinal kappa receptors. 18 Models in animals using intrathecal sufentanil, alfentanil and morphine corroborate these assertions, as well as clinical studies in humans. 19, 20 In a study with 60 patients undergoing cesarean section, the authors compared the temperatures of those receiving spinal anesthesia with bupivacaine alone and those with bupivacaine and morphine. Decreases in the tympanic temperature were observed in both groups, with more significant hypothermia in those patients receiving intrathecal opioids. 21 In our study, the longitudinal assessment of tympanic temperature in the PACU showed elderly patients with lower temperatures and longer delays in hypothermia regression than younger patients. This fact is confirmed by literature, which reports a higher prevalence and longer duration of perioperative hypothermia in this age group. 14,22---26 Older individuals have a lower response to heat stress, mainly because of inferior vasoconstriction ability, reduced muscle mass and decreased ability to produce heat, 27 enhancing their risk for hypothermia and its deleterious effects.
In the PACU dynamic temperature assessment, the combined anesthesia technique also resulted in worse levels of hypothermia, followed by regional and general anesthesia. This finding may be explained by the loss in core thermoregulation caused by general anesthesia associated to the inability of a thermoregulatory response in lower limbs secondary to the regional technique; all together lead to more intense hypothermia and slower recovery to normal thermal patterns than when these anesthetic techniques are administered individually. 16 According to Horn et al., without prewarming, 72% of the patients scheduled for major abdominal surgery under combined general and epidural anesthesia became hypothermic. 28 In another study, a rapid temperature decrease during combined general and epidural anesthesia was also observed in five healthy volunteers and in patients undergoing colorectal surgery. The vasoconstriction threshold was near 34.5 • C. When the study ended after three hours of anesthesia, patients under combined anesthesia were 1.2 • C more hypothermic than those under general anesthesia alone. 29 This effect was also found in our study.
Our study was not able to identify independent risk factors for postoperative hypothermia due to the limited sample. Multivariate analysis found that general anesthesia accompanied by fentanyl were protective factors, however these findings are in disagreement with the literature also probably because of the limited sample.
Cross-sectional studies area suitable for identifying the risks factors that may influence the probability of occurrence of a given clinical condition, and do not consider any treatment in question, since they only allow for observation of individuals from exposure to outcome. This study type also presents other important limitations, such as the difficulty in investigating conditions of low prevalence and the research team is not being able to control the complete process of the trial in progress. In addition, it is necessary to highlight the use of a small sample size as a limitation of the present study; however, this is a pilot study designed to provide data for a more complete study. 30 We were able to confirm that out study, like other crosssectional studies, was safe, easy to apply, relatively fast to run, very low cost, with the possibility of analyzing several data through a simple observation of the patient in the PACU. We state that a larger number of patients are necessary for a more accurate analysis, the exclusion of observational biases and deeper analysis of the risk factors most related to hypothermia.
Conclusion
In conclusion, this pilot study showed that perioperative hypothermia is still a prevalent problem in our anesthetic practice. More than half of the analyzed patients presented hypothermia through PACU stay, with a higher incidence in elderly patients, patients undergoing combined anesthesia and those under regional anesthesia with intrathecal opioids. An accurate sample size calculation for a definitive cross-sectional study can be made. In conclusion, we have demonstrated the feasibility of a large, multicenter, cross-sectional study of postoperative hypothermia in the post-anesthetic care unit.
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